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Abstract.

Leptospirosis is a common disease in tropical countries, and the kidney is one of the main target organs.

Membrane proteins of Leptospira are capable of causing endothelial damage in vitro, but there have been no studies in
humans evaluating endothelial glycocalyx damage and its correlation with acute kidney injury (AKI). We performed a
cohort study in an outbreak of leptospirosis among military personnel. AKI was diagnosed in 14 of 46 (30.4%) patients.
Leptospirosis was associated with higher levels of intercellular adhesion molecule-1 (ICAM-1; 483.1 + 31.7 versus 234.9 +
24.4 mg/L, P < 0.001) and syndecan-1 (73.7 + 15.9 versus 21.2 + 7.9 ng/mL, P < 0.001) compared with exposed controls.
Patients with leptospirosis-associated AKI had increased level of syndecan-1 (112.1 + 45.4 versus 41.5 + 11.7 ng/mL,
P =0.021) and ICAM-1 (576.9 + 70.4 versus 434.9 + 35.3, P = 0.034) compared with leptospirosis patients with no AKI.
Association was verified between syndecan-1 and ICAM-1 with serum creatinine elevation and neutrophil gelatinase-
associated lipocalin (NGAL) levels. This association remained even after multivariate analysis including other AKI-
associated characteristics. Endothelial injury biomarkers are associated with leptospirosis-associated renal damage.

INTRODUCTION

Leptospirosis is caused by a microorganism of the genus
Leptospira. In total, nine pathogenic species are known,
including L. interrogans.! The annual incidence is estimated
at 10-100 cases per 100,000 population in tropical countries.

The early phase of leptospirosis manifestations lasts 3—
7 days and includes fever, headaches, myalgia (especially in
the calves), nausea, vomiting, malaise, and conjunctival hyper-
emia. Only 10% progress to the second phase: the Weil syn-
drome.® This phase lasts from 4 to 30 days, and more severe
symptoms, such as jaundice, meningitis, pulmonary hemor-
rhage, and acute kidney injury (AKI), can occur.*

The kidney is one of the main target organs of Leptospira,
and AKI can occur in 20-85% of patients in the second phase
of the disease.>® Interstitial nephritis is the main pathological
finding in patients with leptospirosis, even in those without
AKIL"® Leptospira or its fragments can be found in renal
tubules and interstitium.® Observational studies have indicated
that Leptospira spread through the hematogenous route to the
kidney, circulate to peritubular capillaries, migrate to the inter-
stitium and renal tubule, and finally, remain in the proximal
tubular lumen. In the kidney, proteins present in the outer
membrane of Leptospira induce an inflammatory response.
This response seems to be, at least in part, mediated by toll-
like receptors.!’

The outer membrane proteins (OMPs) of Leptospira are
capable of promoting up-regulation of cell adhesion molecules
(for instance, intercellular adhesion molecule-1 [ICAM-1])
expressed mainly in endothelial cells.'"*'> Although these stud-
ies were performed in vitro with umbilical vein endothelial
cells, they suggested a role of endothelial activation in lepto-
spiral pathogenesis.'"!? Also, experimental and autopsy studies
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have shown endothelial necrosis and capillary thrombosis in
lung tissue.'>1*

Another important component of the endothelium is the
glycocalyx, a 1-um carbohydrate-rich structure located at the
top of the endothelium. It has antiadhesive and anticoagulant
properties that protect the endothelium and maintain the vas-
cular barrier function. Glycocalyx damage is associated with
pathophysiological sequelae, such as capillary leakage and
edema formation, accelerated inflammation, platelet activa-
tion and hypercoagulability, and loss of vascular responsive-
ness.'>!¢ It is unknown whether glycocalyx lesions have any
role in leptospirosis-related AKI pathophysiology.

In this study, we evaluated young patients from a leptospi-
rosis outbreak among military personnel. Our objective was
to evaluate the association between the presence and severity
of renal lesions with biomarkers representative of glycocalyx
and endothelial injury.

METHODS

Subjects. In this study, we analyzed subjects involved in an
outbreak of leptospirosis among military personnel. Three mil-
itary physicians were responsible for the patients’ medical care.
They made all decisions regarding need for hospitalization,
frequency of diagnostic procedures, and antibiotic therapy.
Immunoglobulin M (IgM) enzyme-linked immunosorbent
assay (ELISA; PanBio Kit, Alere, Orlando, FL) and micro-
agglutination (MAT) with 19 different serovars were carried
out in all patients. The Ceara State Department of Health
collected blood samples from all subjects 3 weeks after con-
valescence. IgM-ELISA and MAT were performed by the
Central Laboratory of Public Health (LACEN), a government-
sponsored reference laboratory. Positive cases were defined
according to the Centers for Disease Control and Prevention
(CDC) laboratory criteria for supportive (Leptospira aggluti-
nation titer > 200 but < 800 by MAT in one serum specimen or
detection of IgM antibodies against Leptospira in one acute-
phase serum specimen) or confirmed (fourfold or greater
increase in Leptospira agglutination titer between acute- and
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TaBLE 1

Clinical and laboratory data in patients according AKI diagnosis

Exposed control group (N = 31) All patients (N = 46) P value* No AKI patients (N = 32) AKI patients (N = 14) P valuet
Age (years) 213+1.7 213+1.7 0.645 215+13 20.8 +1.9 0.911
Baseline GFR (mL/min per 1.73 mz) 104.1 +10.2 102.6 + 12.5 0.896 104.1 +13.1 99.2 + 9.8 0.769
Hemoglobin (g/dL) 131 +1.7 11.7+24 0.011 11.5+34 12.0+ 0.9 0.596
White blood cells (cells/mm?) 63+2.0 11.9+29 <0.001 122 +34 11.6 +2.5 0.784
Platelet count (/uL) 212.6 +26.4 155.4 + 39.1 < 0.001 159.3 +39.9 150.1 + 40.8 0.573
Alanine transaminase (U/L) 262+94 106.9 + 50.7 < 0.001 113.9 £ 49.8 95.8 £55.0 0.369
Creatine kinase (U/L) 72.9 +28.1 1714 £57.2 < 0.001 104.6 + 73.9 263.6 = 81.5 0.062
hsCRP (mg/L) 39+34 110.0 = 30.9 < 0.001 109.0 + 66.1 111.1 £ 58.3 0.940
Malondialdehyde 35+18 95+27 < 0.001 89+26 10.6 + 2.6 0.081
ICAM-1 (mg/L) 2349 244 483.1 £31.7 < 0.001 4349 +35.3 576.9 +70.4 0.034
Syndecan-1 (ng/mL) 21279 73.7+159 < 0.001 41.5+11.7 112.1 £ 454 0.021
NGAL (ng/mL) 323+9.7 139.4 +£22.2 < 0.001 139.3 £ 22.6 139.8 £ 22.0 0.952

*Exposed control group versus all patients.
+No AKI patients versus AKI patients.

convalescent-phase serum specimens studied at the same
laboratory or Leptospira agglutination titer > 800 by MAT in
one serum specimen) diagnosis. MAT confirmation criteria
included seroconversion or a fourfold rise in titers between
acute- and convalescent-phase sera obtained on the day of
admission and after 14-30 days of convalescence or a titer
> 1:800 in one or more samples. This definition has been used
in other studies.!” Other infectious diseases (hepatitis A,
dengue, typhoid fever, and others) were excluded.

Symptoms, physical findings, and routine laboratory tests
were retrospectively retrieved from medical records. Serum
samples from the first blood drawn from each in-hospital
patient were processed and stored at —70°C for posterior anal-
yses (see below). Patients with less than three serum creatinine
(SCr) measurements during hospitalization were excluded.
Anemia was defined as hemoglobin less than 12 g/dL, and low
platelet count was defined as a value < 150 x 10°/uL. Another
31 soldiers exposed to the disease but with no laboratory
diagnosis of leptospirosis (neither supportive nor confirmed)
were selected as the exposed control group. The institutional
ethical committee approved the study, and participants signed
informed consent.

AKI definition and classification. AKI was defined accord-
ing to the Kidney Disease Improving Global Outcome
(KDIGO) definition. Briefly, changes in SCr during hospital-
ization were calculated, and AKI was diagnosed by an
increase in SCr > 50% or > 0.3 mg/dL compared with baseline
SCr values and after 48 hours. AKI severity was classified as
stage 1 (SCr increase by 50-100% or > 0.3 mg/dL), stage 2
(SCr increase by 101-200%), or stage 3 (SCr increase by
> 200%). Baseline SCr was considered as the lowest value
during hospitalization, and estimated glomerular filtration

TABLE 2

Correlation between endothelial and renal damage biomarkers and
other laboratory parameters

ICAM-1 Syndecan-1
Pearson correlation Pearson correlation

coefficient P value coefficient P value
Hemoglobin 0.086 0.676 —-0.087 0.673
White blood cells 0.005 0.979 0.167 0.414
Platelet count 0.035 0.864 —-0.082 0.689
Creatine kinase —-0.002 0.994 —-0.026 0.867
ASCr 0.388 0.016 0.416 0.009
NGAL 0.309 0.059 0.469 0.003
hsCRP 0.128 0.444 0.184 0.269
Malondialdehyde 0.169 0.309 0.094 0.573

rate (eGFR) was calculated using CKD-EPI formula. Also,
the difference between the highest and lowest SCr values
(ASCr) was considered as a marker of Acute Kidney Injury
Network (AKI) severity.

Markers of inflammation, oxidative stress, renal lesion,
glycocalyx, and endothelium injury. Inflammatory status was
evaluated using high-sensitivity C-reactive protein (hsCRP)
by the nephelometry method. Oxidative stress was assessed
through malondialdehyde (MDA) concentration based on
thiobarbituric acid (TBA) reactivity. Other than SCr, we
measured neutrophil gelatinase-associated lipocalin (NGAL),
a marker of renal proximal tubule damage, using a commer-
cial ELISA kit (Boster Biological Technology, Fremont, CA).
Syndecan-1 was measured as a biomarker of endothelial gly-
cocalyx injury (Abcam, Cambridge, MA). Finally, ICAM-1
was also measured using a commercial ELISA kit (Life Tech-
nologies Brasil, Sao Paulo, Brazil) as a marker of endothelial
injury. All tests were performed in serum samples.

Statistical analysis. Analysis was performed using SPSS 19.0
for Windows. Variables were tested for normal distribution.
Continuous variables are reported as medians and interquar-
tile ranges. Continuous data were compared using Mann—
Whitney tests with Tukey post-tests. Categorical data are
reported as proportions and compared using Fisher’s exact
tests. Univariate analysis is shown as Pearson’s coefficient
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Ficure 2. Correlations between renal biomarkers and syndecan. Pearson coefficient correlation.

when indicated. Two multiple linear regression analyses were
performed to identify the independent factors associated with
AKI markers (ASCr and NGAL). A P value < 0.05 was con-
sidered statistically significant for all comparisons.

RESULTS

Subjects’ characteristics. During a 4-day period, 83 subjects
performed military training activities in an open-air field in
July of 2012 in Ceara in the northeast of Brazil. For personal
reasons, 3 military individuals withdrew before any exposure to
the field, with 80 military soldiers remaining in the training.
Among the military activities, those that entailed the highest
exposure of skin or mucous membranes to water or soil con-
taminated by Leptospira were performed on the second and
third days of training. On these days, transposition of water-
courses and crawling exercises with water immersion were per-
formed. At that place, there was stagnant water mixed with
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feces from urban and wild animals found in the area. During
training, the soldiers crawled close to the ground, leaning on
forearms and legs, which resulted in immersion in mud.

In total, 80 patients were exposed to Leptospira infection,
and 49 had leptospirosis confirmed. Of these, 3 patients were
excluded, because they had fewer than three SCr measure-
ments available. In the end, 46 patients were included in the
final analysis. All patients were male and between 18 and
24 years old, with a median age of 21 (19-23) years. No patient
had any comorbidity, and all patients had a basal eGFR higher
than 80 mL/min. The index case reported symptom onset 5 days
after exposure, and the last case reported symptoms 21 days
after exposure. The most common symptoms were headache
(98%), myalgia, fever and prostration (96.1%), vomiting, diar-
rhea, calf pain (30%), and abdominal pain (17.1%). Labora-
tory data are disclosed in Table 1. Overall, 17 (36.9%) patients
had anemia, and 16 (34.8%) patients had low platelet count.
AKI was diagnosed in 14 (30.4%) patients, and all patients
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TaBLE 3
Multivariate analysis, including all laboratory parameters, shown to
verify the independent association between syndecan-1 and renal
damage markers

Variable Standardized B-coefficient P value
Dependent variable: ASCr (mg/dL)
Hemoglobin (g/dL) 0.077 0.793
White blood cells (x 10°/mm?) -0.224 0.479
Platelet count (x10°/mm?) -0.329 0.484
Alanine transaminase (U/L) -0.450 0.160
Creatine kinase (U/L) 0.295 0.305
hsCRP (mg/L) 0.145 0.613
Malondialdehyde -0.043 0.893
Syndecan-1 (ng/mL) 0.682 0.021
ICAM-1 (mg/L) 0.560 0.032
Dependent variable: NGAL (ng/mL)

Hemoglobin (g/dL) -0.102 0.738
White blood cells (x10°/mm?) 0.145 0.683
Platelet count (x 10°/mm?) 0.234 0.444
Alanine transaminase (U/L) -0.097 0.730
Creatine kinase (U/L) 0.432 0.108
hsCRP (mg/L) ~0.101 0.712
Malondialdehyde 0.149 0.629
Syndecan-1 (ng/mL) 0.600 0.034
ICAM-1 (mg/L) 0.480 0.047

except for 1 had the milder form of AKI (AKIN stage 1). No
patient had pulmonary hemorrhage. All patients were treated
with ceftriaxone.

Additionally, we selected 31 exposed soldiers without lep-
tospirosis diagnosis, and their data are show in Table 1. As
expected, these subjects had lower levels of inflammatory,
oxidative stress, and endothelial biomarkers. None of subjects
in the exposed control group had low platelet level or altered
renal function.

Endothelial biomarkers in leptospirosis. Patients with lep-
tospirosis had elevated serum levels of ICAM-1 (483.1 + 31.7
versus 234.9 + 24.4 mg/L, P < 0.001) and syndecan-1 (73.7 +
15.9 versus 21.2 = 7.9 ng/mL, P < 0.001) compared with
patients in the exposed control group. There was a significant
correlation between syndecan-1 and ICAM-1 levels (r = 0.629,
P < 0.0001). No significant correlation was observed between
syndecan-1 or ICAM-1 and hsCRP, MDA, hemoglobin level,
creatine phosphokinase (CPK) or platelet count (Table 2).
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Endothelial damage is associated with leptospirosis-
associated AKI. Patients with leptospirosis-associated AKI
had increased levels of syndecan-1 (112.1 + 45.4 versus 41.5 +
11.7 ng/mL, P = 0.021) and ICAM-1 (576.9 + 70.4 versus
434.9 + 35.3, P = 0.034) compared with leptospirosis patients
with no AKI (Figure 1). Also, a significant association was veri-
fied between syndecan-1 and ICAM-1 levels with ASCr in both
absolute and relative values in relation to basal SCr (Figures 2
and 3 and Table 2).

NGAL was similar in leptospirosis patients with or without
AKI (139.8 + 22.0 versus 139.3 + 22.6 ng/mL, P = 0.952), and
there was no significant association between NGAL and
ASCr. Although there was no correlation between serum
NGAL and the presence of AKI, there was a positive correla-
tion between syndecan-1 and serum NGAL levels (r = 0.469,
P =0.003) (Figure 2 and Table 2). A trend was observed in the
positive correlation between ICAM-1 and serum NGAL
levels (r = 0.309, P = 0.059) (Figure 3).

To further explore the association between syndecan/
ICAM-1 and renal damage markers, models of linear multi-
variate analysis were performed to evaluate independent
association between endothelium markers with ASCr and
NGAL. In these models, we forced all variables potentially
associated with leptospirosis AKI: inflammatory status (white
blood cells and hsCRP), oxidative stress (MDA), rhabdomyol-
ysis (creatine kinase), serum liver enzymes, and platelet count.
Even after forcing all variables into the model, syndecan and
ICAM-1 remained independently associated with ASCr and
NGAL (Table 3).

DISCUSSION

In this study, for the first time, endothelial lesion bio-
markers in leptospirosis were studied in humans. Also, we
disclosed an important association between endothelial lesion
(mainly glycocalyx) and the presence and severity of renal
lesion. There was a correlation with both reductions in GFR
and markers of renal proximal tubular damage (ASCr and
NGAL, respectively).

The patients were extracted from an outbreak that
occurred among military personnel in 2011 in northeastern
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Ficure 4. Endothelial lesion, a suggested mechanism. Leptospira attaches to endothelium through cadherin followed by syndecan-1 release

into circulation.
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Brazil. This fact provides support to our study mainly regarding
two points: all patients had similar characteristics (same gen-
der, similar age, and absence of comorbidities), and because all
exposed individuals were submitted to medical assessment and
laboratory tests, there was no selection bias regarding disease
severity. Although the subjects were submitted to the same
exposure, Leptospira burden was not necessarily the same,
because possible injuries and cuts on the skin can influence
the observed attack rate.

Overall, the patients included in the study had mild forms
of leptospirosis. According to stringent definitions of severe
leptospirosis (presence of at least one of the following criteria:
AKI requiring dialysis, shock treated with vasoactive drugs,
alveolar hemorrhage, bleeding requiring blood transfusion,
respiratory failure needing mechanical ventilation, or death
during hospitalization),'® no patient in this study had the severe
form. Although 30% of included patients developed AKI,
AKIN criteria was used, which is more sensitive than the pre-
vious AKI definition. This AKI definition can significantly
overestimate AKI incidence; however, in other leptospirosis
cohorts, it has been associated with increasing mortality."

Although it is known that leptospirosis can induce vessel
inflammation, only few studies have evaluated the role of endo-
thelium in the pathophysiology of leptospirosis. In an ancillary
study, De Brito and others'* described swollen endothelium
and microvascular thrombosis in guinea pigs infected with
Leptospira. Recently, a group of investigators described that
the OMP of Leptospira can induce endothelial cell damage
in vitro.'? To the best of our knowledge, this study is the first to
disclose endothelial glycocalyx injury in human leptospirosis.
Interestingly, these alterations could be seen, even in milder
forms of leptospirosis.

Migration of Leptospira to tissues involves the spirochetes
adhering to and escaping from vasculature. Recently, it has
been described that Leptospira adheres to vascular endothe-
lium cadherin,?® which plays an important role in maintaining
the vasculature barrier properties. Attachment of Leptospira
to the vasculature through cadherin may result in vascular
damage, facilitating the escape of the pathogen from the
bloodstream into different tissues. One can speculate that gly-
cocalyx and endothelial lesions occur during this translocation
and that endothelial biomarkers are a marker of disease sever-
ity in not only the kidney but also, other organs (Figure 4).
Alternatively, one can suppose that glycocalyx and endothe-
lium lesions occur first, favoring spirochete adhesion and trans-
location. These hypotheses cannot be further explored in our
findings because of the study design.

The most severely affected organs in leptospirosis are the
kidney, liver, and lungs. In our population, no patients had
pulmonary manifestations or liver failure, but almost all
patients had mild to moderate liver enzyme elevation, and
nearly 30% had AKI. Although AKI was milder in all except
for one patient, there was a positive correlation between
syndecan-1 and ICAM-1 levels and ASCr. This finding sup-
ports a role of endothelium activation/damage in the patho-
physiology of leptospirosis-associated AKI. As stated in the
Introduction, Leptospira affects mainly the proximal tubular
cells after transmigration through the peritubular capillary
network. To further study this association, we have measured
a renal biomarker that is more specific for proximal tubular
injury (NGAL), and it showed a positive correlation with
both syndecan-1 and ICAM-1.

Even after controlling for several laboratory findings,
syndecan-1, but not ICAM-1, remained associated with AKI
severity. This highlights the potential and unexplored role of
endothelial glycocalyx in leptospirosis-associated AKI. There
have been only two studies evaluating syndecan-1 levels in
patients with renal disease.”' In one study, patients undergoing
maintenance hemodialysis had higher levels of syndecan-1 than
controls. The other study excluded any accumulation effect of
syndecan-1 into the circulation because of reduced renal clear-
ance,”” and thus, it is unlikely that only the reduced GFR may
be responsible for the increase in syndecan levels.

Although not the main focus of the study, one point that
also deserves consideration is the lack of correlation between
NGAL and AKI, contrary to what has been shown by many
other studies. Also, AKI in leptospirosis has been associated
with low platelet count,® rhabdomyolysis,>* and other clinical
parameters. In this study, we were unable to show these asso-
ciations. The lack of associations can also be explained by the
milder AKI developed by patients.

Our study has some limitations, but two deserve consider-
ation. First, although we measured endothelial and glycocalyx
biomarkers during the first medical consultation, some patients
already had some kidney damage and GFR decrease, making it
difficult to ascertain a causal association between endothelial
damage and AKI. Second, all except for one patient had milder
AKI. It is highly probable the associations disclosed in this
study become stronger with increasing AKI severity, but that
can only be speculated at this point.

In conclusion, we studied a homogeneous group of young
male patients from the military community exposed to a lep-
tospirosis outbreak and observed that endothelial and mainly,
glycocalyx injury biomarkers are related with renal damage,
even in patients with milder AKI.
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